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Objectives 
 Determine basic soil properties such as pH, texture, and 
bulk density at the field location.  
 Create a P budget for the field location using archived 
soil, crop, field management, and biosolids data. 
 Create a simulated P budget for future alternative     
cropping scenarios which could provide benefits for P   
removal, soil health, and economic viability. 
Figure 1. Residual soil P following different crop harvest scenarios, assuming only 
biosolids are applied. Average biosolids-P application of 63.3 kg P2O5 ha-1 was 
assumed. 
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Problem Statement 
 The field used by Saint John’s University for land               
application of their Class B wastewater biosolids has     
exceeded the state-regulated soil P concentration (200 
ppm), prohibiting future biosolids application. Until soil P         
concentration is brought below state limits, alternative   
disposal options cause greater economic and logistics 
challenges for the university. Identification of crop      
management scenarios which enhance P removal,     
sustain soil health, and provide economically-viable  
products for the farm producer are needed. 
Abstract 
Since 2003, a small, private wastewater treatment facility for Saint John’s University located in Collegeville, MN has utilized a    
nearby agricultural field to routinely dispose of its Class B biosolids. The field soil textures range from sandy loam to loamy sand 
and have been managed under continuous corn (Zea mays L.) production since 2003. Repeated land applications of biosolids 
to this field has led to extractable phosphorus (P) (Bray-1) soil test values to accumulate beyond state-mandated levels for    
continued land application. The objective of this research was to quantify a general P budget in this cropping system based on 
previous management practices and to explore alternative cropping systems. Basic soil information was collected in 2015 and 
was combined with previous soil tests (including pH, salinity, organic matter %, Bray-I P, potassium, etc.) to quantify basic soil   
parameters and changes to soil P over time. Land management (crop yields, fertilizer source, and application rates, etc.)      
records were collected from the field manager and combined with biosolids chemistry data and application rates from the 
wastewater facility to construct a general P budget from 2003 to 2015. Using this information, we then explored alternative   
cropping scenarios to identify cropping systems which may sustain greater long-term soil health while maximizing annual P       
removal from the soil. This research will be used to guide future biosolids and field management decisions. 
Methods 
Soil & biosolids:  
 Archived soil test data and wastewater biosolids data were obtained from the Saint John’s University wastewater treatment 
plant operator for use in this study. 
 All archived soil and biosolids nutrient analyses were performed by Agvise Laboratories. Biosolids application rate was       
obtained from state biosolid application permit forms. 
 Soil test P data was available from the first year biosolids were applied (2003) and every three years thereafter, until 2015. 
 At the time of this study archived biosolids data was only available from 2011, 2013, and 2014. 
 In October 2015, six (2 cm diameter) soil cores were taken to a depth of 15 cm and composited for determination of soil 
bulk density, pH, and texture. Soil pH was determined from a 1:5 soil to water ratio and texture was determined using the 
Bouyoucos hydrometer method. 
Cropping & management: 
 The local producer who manages the field was interviewed in fall of 2015 to obtain recent crop management data            
including crops planted, estimated yields, and nutrient application information. 
 Crop yields for alternative cropping scenarios were estimated using the USDA Web Soil Survey’s Vegetative Productivity tool 
to identify yields of non-irrigated crops in the field area of this study. 
 Crop yield conversion to dry matter (DM) production and percentage of P2O5 in DM were determined using Cornell Fact 
Sheet 28 (Ketterings & Czymmek, 2007). 
 Yield estimates for future cropping scenarios were determined using the USDA Web Soil Survey Yield of non-irrigated crops. 
Results 
 The soils in this study were acidic, coarse textured and had a relatively low bulk 
density. 
 The average annual change in soil test P at the beginning of biosolids application 
and most recently (2003—2006; 2012—2015) was unusually high. Specifically, from 
2012—2015 there was an estimated increase of 174.5 kg P2O5 ha-1 annually. 
 Biosolids-P additions varied across years, but on average, 1,172 kg of DM were   
applied each year and they contained 4.23% P2O5.  
 Mean annual P addition from biosolids averaged 63.3 kg P2O5 ha-1, but the pro-
ducer typically used a starter fertilizer, increasing P addition to 76.7 kg P2O5 ha-1. 
 P removal by corn in 2015 was abnormally high due to favorable corn production 
conditions which resulted in very high yield. Dry matter corn yield in 2015 was 
7,540 kg ha-1, compared to 5,445 kg ha-1 removed under normal conditions.  
 There was a wide range in estimated P removal by crops commonly grown in 
central MN. Crop removal rates ranged from 9.9 to 72.9 kg P2O5 ha-1 under oats 
and corn production, respectively. 
 If biosolids were the only source of P added to the field, we estimated oats would 
leave approximately 48 kg P2O5 ha-1 from biosolids in the soil each year, whereas 
corn-silage could potentially remove nearly all biosolids-P applied and extract 
nearly 9 kg P2O5 ha-1 from the soil annually.  
Discussion & Conclusions 
 Proper soil sampling techniques will be reviewed with the wastewater plant            
operator. Unusually large annual changes in soil test P in most recent years may be 
attributable to improper sampling techniques. 
 While corn-silage may provide the greatest P-removal potential, it may not be the 
ideal solution for this study. The coarse-textured soils in this field have relatively low  
organic matter content (data not shown), and N and P additions for corn              
production may be susceptible to leaching and runoff, respectively.  
 We believe a crop such as alfalfa may be a better solution for the next 3 years, as it 
provides moderate annual P removal, requires no soil disturbance through tillage, 
can improve organic matter content over time, and is a economically-viable crop 
for the producer who also raises beef cattle.  
 Following 3 years of alfalfa, a diverse crop rotation including corn, soybeans, and 
other grains may provide opportunities to begin renewed biosolids applications 
(assuming soil test P falls below 200 ppm), sustain soil health, and provide the pro-
ducer with an economically feasible cropping system. 
 We also believe incorporating cover crops, such as ryegrass, could help retain nutri-
ents, prevent erosion, and sustain soil health in this field. 
 This study provided important information to begin dialogue about future decisions 
related to field and biosolids management at Saint John’s University. This information 
will be shared with multiple stakeholders including the Physical Plant, Abbey            
Arboretum Lands Committee, and the local land manager. 
Table 1-1. Soil extractable P every 3 years from 2003 to 2015 and average annual soil P change between each three-year sampling period . 
Bulk  
Density  
(g cm-3) 
Soil 
pH 
% Sand,  
Silt, Clay 
Soil  
Texture 
Soil 
Series  
1.10 5.6 83, 10, 7 
Loamy 
Sand 
Langola 
Loamy 
Soil 
Table 2. Measured soil bulk density, pH, texture, and series at 
the study location near Saint John’s University. 
Soil P 
Year P ppm kg P2O5 ha
-1 
Average Change Per Year  
(kg P2O5 ha
-1) 
2003 60.5 276.2 
125.7 
-12.0 
-32.5 
174.5 
2006 134.0 687.8 
2009 127.0 651.8 
2012 108.0 554.4 
2015 210.0 1077.9 
Annual P Addition via Biosolids and Fertilizer 
Year 
Biosolids  
DM applied  
(kg ha-1) 
Biosolids 
% P2O5 
Biosolids 
kg P2O5 ha
-1 
Average annual P2O5 added from  
biosolids with / without starter  
fertilizer 
(kg ha-1) 
2011 1031 4.44 58.2 
76.7 / 63.3  2013 1382 4.49 78.4 
2014 1102 3.76 52.8 
Removal of P by Crops 
Year Crop 
Estimated 
Yield  
(kg ha-1) 
Dry Matter  
(kg ha-1) 
Estimated P2O5  
Removed 
(kg ha-1) 
2015 corn-grain 11350  7540 68.1 
5-10 yr average corn-grain 8190  5445 49.2 
2016 projected oat-grain 3015  1089 9.9 
2017 Alternative 1 soybeans-grain 4020 2756 52.3 
2017 Alternative 2 Alfalfa (3 cuttings) 12,104 6052 46 
2017 Alternative 3 corn-silage 33,559 9240 72.9 
Table 1-3. Estimated P2O5 removed from crop harvest. Yield estimates provided by land manager and USDA Web Soil Survey.  
Table 1-2. Total P2O5 contribution from biosolids with or without a (10-20-10) starter fertilizer applied at a rate of 67 kg ha-1 each year. 
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Above: The field site in October 2016 following 
corn harvest. Approximately 8 hectares were 
planted to corn and 6 hectares to oats in 2016. 
